Background: Sulfated Polysaccharides (SPs) possess spectrum of pharmacological and therapeutic properties that could attributed to their origins variation, chemical structures and biological activities. Various studies have shown the impact of SPs on proliferation in different cancer cell lines.
Background
Cancer has been responsible for the death of more than 8.2 million people worldwide annually according to the WHO (world health organization). Breast cancer has considered the most prevalent type of cancer among women with 23% of the total cancer cases in 2011 (1) . The overall percentage of breast cancer patients, which responded to therapy, remained under 35% (2) . Therefore, the attempts for new molecules to treat the breast cancer became increasingly important in particular for patients who have not responded to conventional treatments. Sulfated polysaccharides extracted from red seaweeds have attracted enormous unprecedented attention over the last decays for their multiple chemical structures and biological activities (3) . Carrageenan was a small chemical group of linear sulfated polysaccharides with relatively a high molecular weight and composed of 1,3α -1,4β -galactans. It has formed the basic composite of red seaweed cell walls. Carrageenan oligomers have generally classified into three groups: kappa (κ-), iota (ι-) and lambda λ-carrageenan which differed according to their structural characteristics, degree of sulfation and water solubility. The sulfated contents of kappa, iota and lambdacarrageenan were: (15% -20%), (28% -30%) and (32% -39%), respectively (4) . λ-carrageenan which had the highest degree of sulfation, had diverse biological activities including anti-coagulant (5), anti-viral (6), anti-oxidant (7), anti-proliferation, anti-angiogenesis and anti-tumor (8, 9) . moreover, λ-carrageenan has exhibited an efficient adjuvant effect in preventative and therapeutic vaccine for cancer treatment (10) . Recent studies have amended by Jazzara et al proved the efficacy of sulfated carrageenans in the induction of apoptosis on breast cancer MDA-MB-231 cells and glioblastoma T98G cells (11) . Moreover, targeting colon cancer (HCT116) cells by coupling an i-carrageenan with magnetic nanoparticle gaudily could induce cellular apoptosis (12) . 
Objectives
In the present study, we have highlighted the pivotal role of λ-carrageenan for inhibiting the growth of breast cancer MDA-MB-231 cells and triggering apoptotic process.
Materials and Methods

Cell culture
MDA MB 231 cells [provided by Professor P. Becuwe from the cancer research unit (EA SIGRETO), Nancy, France] have cultured in RPMI 1640 medium containing 10% fetal bovine serum (FBS), 50 U/mL penicillin/streptomycin and 2 mM L glutamine. The cells have cultured at 37°C in 5% CO 2 . All materials have used in the cell culture have supplied by Gibco-BRL.
XTT Assay
Cells have seeded at a density of 5 × 10 staining solution (sigma Aldrich) and incubated with 0.1 mg/mL RNaseA in PBS buffer for 15 minutes at room temperature in the dark. PI intensities have measured and analyzed using a FACSCalibur flow cytometer.
Cell Cycle Distribution
Annexin V Staining
Annexin V staining has performed to examine the apoptosis status. 
DAPI and PI Staining
Cells have first cultured in a slide chamber. After treatment with (12.5 and 25 µM) λ-carrageenan, the cells have incubated in 1 µg/ml DAPI (Sigma Aldrich) (dissolved in methanol) for 5 min in the dark. Slides have mounted and observed using a Nikon ECLIPSE 80i fluorescence microscope (Nikon, Tokyo, Japan). PI staining has obtained by following the same previous steps and incubated in 500 µl PI (4.3 mM/L) (sigma Aldrich) for 5 minutes in the dark. Images have captured using a microscope branched Nikon DS Ri1 camera (Nikon). 
Quantification of the Levels of Active Caspase-3 Protein by
Real-Time qPCR Analysis
Cells have seeded at a density of 1 × 10 
Statistical Analysis
All data expressed as mean ± SD or mean ± SEM were representative of at least three independent experiments. Data have statistically been evaluated using one-way analysis of variance (ANOVA) test. The values have considered statistically significant when P < 0.05 (signified by*) and P < 0.01 (signified by**). 
Results
Evaluation of the Inhibitory Effects of λ-Carrageenan
λ-Carrageenan Induced Apoptosis in MDA-MB-231 Cells
For additional characterization of the MDA-MB-231 cell death that has observed in earlier experiment, we have performed Annexin-V FITC analysis by flow cytometry. The Annexin-V analysis has demonstrated that 8% and 32% of the cells Annexin V+ after treatment with 12.5 and 25 µM of λ-carrageenan for 24 hours respectively, while apoptotic cells have not exceeded 3% in the control ( Figure  4 ). These results have given an extra indication that the treated cells follow a programmed cell death as the Phosphoserine flipped from the inner cell membrane to the surface of the cell membrane. 
λ-Carrageenan Alters Apoptotic Genes Activity in Treated
MDA MB 231 Cells
Quantitative RT-PCR has performed to decipher the mechanism of cell death induced by λ-carrageenan. While expression levels of bcl 2 has reduced from 3.5 fold at 12 hours to 1 fold at 24, the transcripts amount of bax has augmented from 2 folds after the first 12 hours to 7 folds after 24 hours. These data have indicated the clear ability of tested oligomer to induce apoptotic process ( Figure 5 ). 
λ-Carrageenan Induces the Apoptotic Protein Active
Caspase-3
The mechanism of apoptosis induction in MDA-MB-231 breast cancer cells have treated with λ-carrageenan has further characterized by assessing the capability of λ- While, λ-carrageenan had low cytotoxicity to the same tumor cells in vitro (10) . Moreover, our results of cell cycle assessment have proven that there was a clear increasing in sub-G1 phase (Figure 2) , which was the cellular output of nuclear condensation and DNA fragmentation in treated cells with λ-carrageenan. Other study has also demonstrated that the accumulation of cell in sub-G1 initiated apoptosis process (15) . Another biological impact of λ-carrageenan has reported by inducing G2/M arrest on intestinal epithelial cells (16) . While, lambda-carrageenan oligosaccharides (lambda-CO) has shown the decrease of cells in G0/G1 phase, and increased in S phase in human umbilical vein endothelial cells (HUVECs) (8) . These data has promoted the agility of λ-carrageenan to induce diverse biological effects in different cells.
Activation of apoptosis pathways was a key mechanism by which cytotoxic drugs kill tumor cells (17) , thus, it has became a major goal in cancer therapy (18) . Apoptosis has characterized by cell shrinkage, nuclear DNA fragmentation, and membrane blebbing (19) . Our results of annexin-V assay has revealed a significant increase of apoptotic cells number after λ-carrageenan-treatment (Figure 4 ). Similar results has shown that degraded ι-CGN induced apoptosis in human osteosarcoma cell line HOS cells within 48 of treatment (20) . Annexin-V data was in full concordance with the molecular study, where we have found a significant increase in gene expression levels of caspase-8, caspase-9 and caspase-3. Correspondingly, flow cytometry analysis has shown an increasing of active Caspase-3 protein levels after treatment with λ-carrageenan (Figure 5) . Active Caspase-3 has played an essential role in the activation of keys molecules which lead to biochemical and morphological changes in cells undergoing apoptosis (21) . Otherwise, the antiproliferative effect of degraded kcarrageenan has related to apoptosis together with inactivation of cell proliferating genes as determined by morphological observation and molecular analysis in Caco-2 and HepG2 human cancer cell lines (14).
The cellular commitment to apoptosis induction has also regulated by the imbalanced mitochondrial bax/bcl-2 ratio (22). Our results have also indicated the ability of λ-carrageenan to simultaneously prompt the up-regulation of bax (encoding the pro-apoptotic protein Bax) and the down-regulation of bcl-2 (encoding the anti-apoptotic protein Bcl-2) in time dependent manner ( Figure 6 ). This bioactive role of λ-carrageenan in shifting the bax/bcl-2 ratio of expression has previously studied in HUVEC cells too (8, 9) . The imbalance of Bax/Bcl-2 ratio has led to the disruption of mitochondrial inner transmembrane potential (23) , and the release of Cytochrome C triggering the formation of cytochrome C/APAF-1/Caspase-9 complex and subsequently enhancing the activation of active Caspase-3 as a positive feedback effect (24, 25).
Conclusions
λ-carrageenan has shown anti-proliferative activity in the human breast cancer cells MDA-MB-231 via the promotion of caspases-dependent apoptosis, and with the contribution of imbalanced ratio of Bax/Bcl-2 and nuclear fragmentation. This study has exemplified that λ-carrageenan possess both common and distinctive anti-carcinogenic mechanisms, which could further develop into an effective chemotherapeutic agents in the treatment of human breast cancer. 
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